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ABSTRACT 

SN 2007it is a bright. Type IIP supernova which shows indications of both pre-existing and newly 
formed dust. The visible photometry shows a bright late-time luminosity, powered by the 0.09 Mq 
of ^^Ni present in the ejecta. There is also a sudden drop in optical brightness after day 339, and a 
corresponding brightening in the IR due to new dust forming in the ejecta. CO and SiO emission, 
generally thought to be precursors to dust formation, may have been detected in the mid-IR photom- 
etry of SN 2007it. The optical spectra show stronger than average [O I] emission lines and weaker 
than average [Ca II] lines, which may indicate a 16 - 27 M0 progenitor, on the higher end of expected 
Type IIP masses. Multi-component [O I] lines are also seen in the optical spectra, most likely caused 
by an asymmetric blob or a torus of oxygen core material being ejected during the SN explosion. 
Interaction with circumstellar material prior to day 540 may have created a cool dense shell between 
the forward and reverse shocks where new dust is condensing. At late times there is also a flattening 
of the visible lightcurve as the ejecta luminosity fades and a surrounding light echo becomes visible. 
Radiative transfer models of SN 2007it SEDs indicate that up to 10~^ M© of new dust has formed in 
the ejecta, which is consistent with the amount of dust formed in other core collapse supernovae. 
Subject headings: supernovae: individual (SN 2007it) — supernovae: general — circumstellar matter 
— dust, extinction 



1. INTRODUCTION 

Type II supernovae (SNe) are core collapse supernovae 
(CCSNe) whose spectra show the presence of hydrogen. 
They are sub-divided based on light curve evolution, and 
Type IIP SNe show an extended plateau phase lasting ^ 
70-110 days due to radiative cooling of the shock-heated 
hydrogen envelope a s well as energy release d from hydro- 
gen recombination ijGrassberg et al.l 119711) . This phase 
is then followed by a tail of linear decline in luminos- 
ity, due to the radioactive decay of ^^Co, with the lumi- 
nosity being constrained by the amount of ejected ^^Ni 
([Weaver fc W ooslevI [19801). Tvpe IIP SN e make up al- 
most 60% of CCSNe (fWrtt et al.l[2009l) . The progen- 



itors of this subclass are thought to b e red supergiants 
(RSGl with masses betw een 8-25 Mq (jEldridge fc Touti 
120041 : IHeger et al.l I2OO30 that steadily lose their atmo- 
spheres with winds of 10-15 km s~^. Recently, a compre- 
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hensive analysis bv'Sm artt et al.l (|2009D did not find any 
evidence for progenitors above 17 Mq, which may indi- 
cate a disconnect between theory and observation since 
theoreti cal models of CCSNe progenitors, such as those 
hsted in lMaguire et al.l ()2010[ ). have estimated progenitor 
masses of up to 29 Mq. Therefore the search is ongoing 
for detection of more massive progenitors. 

The study of the role of CCSNe as major contribu- 
tors to dust production in the universe has grown dra- 
matically over the last few years. This is due to the 
discovery of high redshift galaxies containing massive 
amounts of dust (Bertoldi ct al. 2003). The origin of 
this dust is still under much contention, whether it be 
from quick, explosive processes such as from CCSNe or 
from slow, quiescent processes such as from the atmo- 
spheres of asymptotic giant branch (AGB) stars. CCSNe, 
which can quickly return their material back into the sur- 
rounding ISM, are attractive potential producers of dust 
seen at high-z. Up to 1 Mq of dust per SN would be 
needed to ac count for the dust seen a t hi gh-z according 
to the work of lTodini fc Ferraral ()200lD and lNozawa et al.l 
(|2003f ). Numerous comprehensive studies of nearby SNe 
have been undertaken in order to estimate dust masses, 
but at the most o nly 10~^ Mq of newl y formed dust 
has been detected (jSugerman et al.l [20061 ) . with the av- 
erage newly fornied dti s t masses being 10~ - 10~^ M(n 
HElmhamdi et al.l [200llMeikle et al.l [20071 : IKotak et alj 
120091 for example). Low mass stars take much longer 
to evolve into the dust producing AGB phase, and may 
not have had enough time to evolve to become major 
dust producers in g alaxies less th an 1 Gyr old as t hey do 
in mo dern galaxies (|Dwek et al.l l2007: Michalowsk i et al.l 
20101). Alth o ugh, r ecent papers byiValiante et aL (|200£ 



Sloan et all p009l) . and IDwek fc Cherchneia ()2010[ ) sug- 



gest AGB stars may be significant dust contributors as 
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early as ~150-500 Myr. iMichalowski et all (|20l0i ) find 
that in six submillimeter galaxies with z > 4, the dust 
content of three can be explained by AGB stars, while 
the remaining three can only be explained by CCSNe. 

Dust formation in the ejecta of CCSNe can be de- 
tected by certain observational signatures. These in- 
clude a decrease in the optical luminosity due to dust 
grains absorbing the visible light, while at the same time 
creating an excess in the IR as the grains re-emit the 
light at longer wavelengths. Lastly, the spectral lines 
may appear to be asymmetric and blue-shifted as the 
dust grains obscure the receding (red) side of the ejecta 
more so than the approaching (blue) side. All three 
of thes e signatures were seen for the first tim e in SN 
1987A (iLucy et all 119891: iW ooden et al."1993'). then in 
SN 2003gd (iSueerman et al. 2006; Mciklc ct al. 2007), 
and also SN 2004et CS ahu"eral.ll2006l : lKotak et al.ll2OO90 . 
There have also been several CCSNe in the past few years 
that have shown one or two o f these indicators of dust 
formation (jKozasa et al.l 120091 and references therein) . 
Although these signatures usually appear between 1 and 
2 years after the explosion, there has recently been confir- 
mation of dust forming much earlier (less than 200 days) 
in a few CCSNe with circumstellar interaction. Normal 
Type II R SG progenitors o nly lose about 10^^ to 10~^ 
Mq yr-i ()Chevaligr et al.| [2006^. which is too tenuous 
to show any circumstellar medium (CSM) interaction. 
The progenitors of Type Iln SNe on the other hand lose 
order s of magnitude mo re material, IQ-^ to 10" ^ M© 
yr~^ (jKiewe et al.ll2010[ ). which result in narrow (^ 100 
km s~^) emission lines in their spectra due to ioniza- 
tion of the pre-existing CSM which has been excited 
by the initial flash of the supernova. For example SN 
1998S sho wed dust formation signatures between days 
140 - 268 (jLeonard et al.|[2000l) . and SN 2005ip appears 
to have formed dust both in the CDS betwee n day 75-150 
and then again in the ejecta after day 750 (jSmith et al.l 
120091: iFox et al.l[2009( ). Ahhough not classified as Type 
Iln, the Type Ib/c SN 2006jc also formed dust in the 
cool dense shell (CDS) created by the interaction of the 
ejecta and the CSM between 50 - 75 d ays post-explosion 
(jMattila et al.|[2008HSmrth et al.|[2008[ ) and the Type IIP 
SN 2007od formed dust someti me between day 120 - 230 
through the same mechanism (jAndrews et al.l[2010t ). 

In this paper, we follow the evolution of the Type IIP 
SN 2007it in the optical and IR from day 10 to day 
944. This makes SN 2007it one of only a few Type IIP 
SNe with long-term and extensive spectral and photo- 
metric observations, along with SN 1990E, SN 1999em, 
SN 199 9gi, SN 2002hh SN 2003gd, SN 2004et, and SN 
2005cs (jMaguire et al.ll2010l and references therein). In 
Section 3 we discuss the visible lightcurve evolution, in- 
cluding a possible scattered optical light echo seen at late 
times. In Section 4 we present the optical spectral evo- 
lution and describe the unusual spectral evolution of SN 
2007it. The IR lightcurve evolution is discussed in Sec- 
tion 5, followed by the radiative transfer modeling and 
SED fitting in Section 6. In all four sections we will dis- 
cuss the evidence that dust has formed in the ejecta of 
SN 2007it. 

2. OBSERVATIONS AND ANALYSIS 

SN 2007it was discovered in NGC 5530 by R. Evans 
visually on 2007 September 13 with V ~ 13.5 mag. 



(jEvans et al.l 120071: Utagaki et al.l I2007D . Pre-discovery 
images taken with the All Sky Automated Survey 
(ASAS-3) cons train the explosion date between 2007 
September 4-6 (jPojman ski 2007), and for the purposes 
of this paper we are assuming an explosion date of 2007 
September 5 (JD 2454348). It was confirmed spectro- 
scopically to be a Type II SN by the Carnegie Supernov a 
Project on 2007 September 15 (jContreras et alj 120071 ). 
Using iTuUv et al.l (|2008l ). which uses distances set by 
the 2001 HST Cepheid Key Project observations, we are 
adopting a distance of 11.7 Mpc throughout this paper. 
Howe v er it s hould be noted that a previous study done by 
iTuUvl ()1988D had suggested a distance of 16.9 Mpc. We 
must also note here that no pre-explosion images exist of 
the host galaxy of SN 2007it. 

We have obtained visible spectroscopy and photom- 
etry as well as mid-IR photometry of SN 2007it span- 
ning days 107-944. Lists of these observations are pre- 
sented in Tables 1 and 2. Optical imaging was ob- 
tained in Johnson-Cousins BVI with the SMARTS con- 
sortium 1.3m telescope at Cerro Tololo Inter- American 
Observatory (CTIO), Chile. All images were pipeline re- 
duced, shifted, and stacked. Imaging and spectra were 
also obtained with CMOS/Gemini South (GS-2008A- 
Q-24, GS-2008B-Q-45, GS-2009A-Q-49, GS-2010A-DD- 
3). The g'r'i' images were reduced and stacked using 
the IRAF gemini package. The instrumental g'r'i' mag- 
nitud es were transformed to standard Johns on- Cousins 
VRI (Wel ch et al.l [20071 : iFjokUgit a et al.l [19961 ). For each 
night the transformation involved a least-squares fit with 
a floating zero point. 

One epoch of photometry was obtained with the 
WFPC2/PC1 camera on HST in the F450W, F606W, 
and F814W filters. These images were delivered pipeline 
reduced, but undrizzled, and stacking and cosmic ray 
removal was accomplished using the Pyraf task mul- 
tidrizzle. Transformation into the standard Johnson- 
Cousins BVI was d one using methods outlined by 
iHoltzman et al.l ()1995l ) . Late time images were obtained 
with the Wide Field Camera (WFC) on HST/ACS us- 
ing the F435W, F606W, and F814W fihers. These im- 
ages were pipeline reduced, including drizzling and cos- 
mic ray removal, and transformations to the Johnson- 
Cousins B VI system were accomplished using methods 
outlined by iSirianni" "eFaLl (11)05). 

A BVRI photometric sequence of tertiary standard 
stars (shown in Figure 1) was de rived for the SN 2007it 
field, using the same method as lAndrews et al.l (^010). 
The BVRI magnitudes for these standards are located in 
Table 3. The BVRI lightcurves of SN 2007it are shown 
in Figure 2 and the absolute V magnitude is shown in 
comparison with other similar Type II SNe in Figure 
3. Early time photometry of SN 2007it from days 9- 
20 (shown in Figures 2 and 3) was obtained from the 
Carnegie Supernova Project. The discrepancies between 
the SMARTS and Gemini I magnitudes are likely due 
to the bandpass of the Cousins I filter covering part of 
the Ca II IR-triplet around 8500A that is not covered by 
the Gemini i' fiher. This would cause the SMARTS pho- 
tometry to appear brighter due to the added Ca II fiux. 
Uncertainties for the Gemini photometry were calculated 
by adding in quadratu r e the transformation uncertainty 
quoted in lWelch et al.l (|2007t ). photon statistics, and the 
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zero point deviation of the standard stars for each epoch. 
The HST unce rtainties consist of the t ran sformation un- 
certai nty from iHoltzman et alj (|1995[ ) or iSirianni et alj 
(|2005D and photon statistics added in quadrature. 

For each GMOS/Gemini South epoch, three spectra of 
900s (before day 540) or 1800s (day 540 and after) were 
obtained in longsht mode using grating B600 and a sht 
width of 0'.'75. Central wavelengths of 5950, 5970, and 
5990 A were chosen to prevent important spectral fea- 
tures from falling on chip gaps. A 2x2 binning in the 
low gain setting was used. Spectra were reduced using 
the IRAF gemini package. The sky subtraction regions 
were determined by visual inspection to prevent contam- 
ination from material not associated with the SN, and 
the spectra were extracted using 15 rows centered on the 
SN. The spectra from each individual night were aver- 
aged and have been corrected for the radial velocity of 
NGC 5530 (1196 km s~^). They are presented in Figures 
4 and 5. 

In order to estimate the reddening towards SN 2007it, 
we compared the day 10 spectrum with other Type IIPs 
of a similar epoch with known E{B — V) values. The 
day 10 spectrum was most similar to SN 2007od and SN 
1999em. Given the quoted foreground reddening of 
= 0.39 from NED for SN 2007 it, and the total redde ning 
by 0.39 ± 0.04 of SN 2007 od (lAndrews et al.l[2010l) and 
0.31 ± 0.16 for SN 1999em (|Maguire et al.ll2010L and ref- 
erences therein) we have estimated that the reddening of 
the host galaxy is relatively low, and adopt = 0.39 for 
the purpose of this paper. We also first attempted to use 
the narrow Na I D absorption seen in the day 10 spectrum 
of SN 2007it to determine the foreground extinction. The 
equivalent width (EW) of the blended Na I D lines was 
1.6 ± O.lA, which corresponded to an A„ ^^1.27 ± 0.1 
of the host galaxy (|Barbon et al.lll990l ). This value does 
not agree with the day 10 spectrum which indicated that 
the SN is not reddened by a high amount. Discrepancies 
between reddening measured from Na I EW and actua l 
values are not unique. For example. IBlondin et al.l ()2009f ) 
found that for an Na I EW of ~ 0.2 A E{B - V) had 
values ranging between 0.2 and 1.5, and that one could 
not solely rely on EW values. Therefore we do not use 
the Na I reddening estimate in this paper. 

The Spitzer IRAC (3.6, 4.5, 5.8, and S.O^m) images 
were mosaicked and resampled using standard MOPEX 
procedures to improve photometric quality. PSF pho- 
tometry was performed using the position specific PRF 
images. Table 5 contains the measured mid-IR fluxes 
obtained from Spitzer. Figure 6 presents the SED of SN 
2007it at four epochs, Spitzer (day 351)/Gemini (day 
339), Spitzer (day 561)/Gemini (day 566), Spitzer (day 
718)/HST (day 696) and Spitzer (day 944)/Gemini (day 
916). Statistical uncertainties presented in the plot rep- 
resent 1(7 errors. The data have been corrected for fore- 
ground extinction. 

3. LIGHTCURVE EVOLUTION 

3.1. Day 9 - Day 339 

The photometric evolution of SN 2007it at early times 
seems to be consistent with other Type IIP supernova 
lightcurves, as can be seen in Figure 3. The plateau phase 
appears to begin near day 20, and lasts until around the 
time that the SN becomes visible again on day 107 when 



it is in midst of its the post-plateau drop in brightness. 
Therefore the plateau phase lasted ~ 80 days. Given 
the distance to SN 2007it and the V magnitudes on day 
20 and day 107, the average absolute magnitude of SN 
2007it on day ~50 is estimated to be My=-16.7 (L — 
1.6 X 10^^ erg s~^), once corrections for reddening have 
been ma de. Comparing the se values with other Type 
IIP SNe (jMaguire et al.ll2010l and references therein) in- 
dicates that SN 2007it is one of the more luminous, well 
studied Type IIP SNe to date and is quite similar to SN 
2004et (see Figure 3). 

After the plateau phase, the drop to the radioactive 
tail is roughly 2 mag. Type IIP SN normally experi- 
ence a decrease in luminosity of ^1.5-3 mag based upon 
the amou nt of ^^Ni pr esent (jWooslev fc Weaveil 119861 : 
[Kascn k WooslevI I20090 . For comparison, SN 2007it 
shows roughly the same plateau duration and drop as 
SN 2004et (Figure 3), which may suggest a similar ^®Ni 
mass. This is discussed in more detail below. The de- 
cline in luminosity then follows the ^^Co decay closely 
(see Figure 2), until the SN is lost behind the sun after 
day 339. 

3.2. Day 509 - Day 922 

Once SN 2007it was observed again on day 509, we 
found that its brightness had fallen below the expected 
^®Co decay by ~ 0.5 mag in R. The R band contains the 
Ha and [O I] AA 6300,6364 A emission features, which 
are responsible for most of the flux at late times. The 
most likely cause for this decreased decline in brightness 
is new dust formation between days 339 and 509. This 
is the time period during which dust typically condenses 
in the ejecta of SNe. After this drop, the ^^Co decay 
was maintained, indicating that little or no further dust 
formation occurred after day 509. Other dust indicators 
such as the simultaneous increase in the IR luminosity 
and red-wing attenuation of the [O I] lines, discussed 
below, indicate that this is indeed the case. 

Also of note is another deviation from the ^^Co de- 
cay curve seen as a flattening of the light curve after day 
700. This was also seen in SN 2007 od ([Andrews et al.l 
l2OT0l). SN 2003gd (ISueermanl l2005l) . and SN 2002hh 
(jWelch et al.l 120071) . and is likely a light echo caused by 
dust reflecting light from the flash of the SN explosion, 
keeping the luminosity brighter than expected at late 
times. A comprehens ive explan a tion o f scattered light 
echoes is presented in ISugermanI (j2003D . Scattered light 
echoes are expected to become major contributors to the 
emiss ion of SNe around 8-9 mag below maximum (jPatatl 
120051) ■ which is when we see the flattening of the SN 
2007it lightcurve. Analysis of this echo is beyond the 
scope of this paper, and will be presented in a forthcom- 
ing paper. Subtraction of images of SN 2007it taken with 
HST/ ACS on day 922 and three epochs of WFC3 data (to 
presented in another paper) between days 857 and 1009 
revealed a residual in the southwest corner roughly 4 pix- 
els from the center of the SN corresponding to an echo 
from ISM material ~21 pc away from the SN (Andrews 
et al. 2011, in preparation). Comparison of photome- 
try from early times to the late-time flattening, show the 
late-time color is much bluer, with B-V dropping from 
~1.5 on day 107, to 0.3 on day 922. This will hap- 
pen when the CSM or ISM dust is preferentially scatter- 
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ing the blue light as was seen in SN 2006gy on day 810 
(|Miller et all 120100 . The resolved light echo, along with 
the blue late-time colors, indicate that the flattening of 
the light curve after day 696 is likely due to a light echo 
and not CSM interaction at late times. 

4. SPECTRAL EVOLUTION 

Figure 4 shows the optical spectral evolution of SN 
2007it from day 10 to day 922. The early time spectra 
show broad Ha and H/3 emission and strong Na I D ab- 
sorption. The Ha evolution is seen in Figure 5, and shows 
a blueshift for at least the first 200 days. Blueshifted Ha 
emission has been seen in other Type II SNe such as SN 



1988A (Turatto et al. 1993), SN 1998A dPastorel 



■0 et al 



Chugai 



12005), and SN 1999cm (Elmhamdi et al7l2003D 
|l988b) and later Jeffcry & Branch (1990) proposed that 
this was caused by the reflection of photons by the photo- 
sphere. For 1988A and 1999em, the blueshift only lasted 
~80 days, whereas SN 2007it and SN 1998A seem to 
have a blueshift persisting well past 150 days. By day 
200, when the SN is well into the nebular phase, strong 
[O I] AA 6300,6363 A emission is seen (shown in Figure 
5), as well as [Ca II] AA7291,7324 and [Fe II] A7155 A 
emission. 

Once we recover SN 2007it at day 509, the [O I] line 
strengths rival that of Ha, while the [Ca II] lines are at 
most, half the strength of Ha. This is unusual for Type 
IIP SNe, since most exhibit stronger [Ca II] than [O I]. 
The only other example of a Type II SN with similar 
late-time line strengths as SN 2007it, was the Type IIL 
SN 1970G (Pronik ct al. 1976; Chugai 1988a). Unfortu- 
nately no optical spectra were taken after ~ day 350 of 
SN 1970G to allow further comparisons of the spectral 
evolution. There is also an emission feature emerging af- 
ter day 200 at 7380 A which is separate from the [Ca 
II] /[O II] blended lines, and could be a [Ni II] A7380 A 
line which was also ide ntified in the Type I ln SN 2006gy 
(iKawabata et al.ll2009| ). Type I c SN 2006ai (iMaeda et al.l 
I2007I), and a few type la SNe (|Maeda et al.ll2010( ). This 
line may be prese nt in other SNe b ut hidden by strong 
[Ca II] emission ( Maeda et a"Lll2007D . 

Of special note are the multi-component peaks of the 
[O I] AA6300,6364 A lines that are visible in our day 154 
spectra and persist to day 622 (Figure 6). These emis- 
sion line profiles are similar to the multiple peaks seen 
in the Ha e mission of SNe 1998S (|Leonard e t al. 2000) 
and 2007od ([Andrews et al.llMol ). Both the 6300 and 
6364 A lines have a blue-shifted component occurring at 
-1300 km in relation to the component seen at the 
rest velocity of the galaxy. There seems to be no cor- 
responding red peaks at -1-1300 km s~^. Because CSM 
interaction is normally only seen in H and He lines, this 
suggests another origin for the multiple peaks. Similar 
asymmetries in the [O I] lines have been seen in numerous 
H-poor CCSNe (Type lb, Ic, and lib), for example SNe 
2005aj, 2006T, and 2008ax, but see i ns to be rare in nor- 
mal Type IIP CModiaz et al jl2008l: iTaubenberger et al.l 
[2009 : Milisavljcvic ct al. 20^3). These asymmetries can 
be seen approximately 2 months post explosion in H- 
poor CCSNe, but due to the lack of spectral observa- 
tions between days 10 and 154 in SN 2007it, we can- 
not pinpoint the exact date before day 154 when the 
[O I] lines and the corresponding asymmetries appeared. 



iMilisavlievic et al"] (|2010D suggest that the the absence of 
a red component combined with the presence of blue peak 
the same distance away from both the 6300 A and 6364 
A lines could be explained by emission from an asym- 
metric blob of O material ejected on the forward side of 
the SN during the explosion. They do caution that a 
torus of O material is less likely but cannot be ruled out, 
and that the red-shifted components could exist but are 
hidden either by the SN orientation or obscuring dust. 
The existence of fast moving knots seen in oxygen-rich 
SN remnants such as Puppis A and Cas A may sub- 
stantiate the asymmetric blob scenario. According to 
iWinkler fc Kirshiieil ()1985[ ). it is likely that these knots 
are intact fragments of the core of the progenitor star. 
These remnant oxygen knots have radial velocities con- 
sistent with the blue [O I] components of SN 2007it. 

Signatures of CSM interaction can also be seen in the 
Ha and [O I] lines (Figures 5 and 6). The CSM in- 
teraction is manifested as a narrower feature (FWHM 
^ 1000 km s^^) at the rest velocity rising above the 
broader (FWHM --4000 km s~^) ejecta base. Although 
this feature does not become apparent until day 509 in 
the Ha spectra, it seems to be present since day 154 
in the [O I] emission. We then surmise that the inter- 
mediate peak was present in both lines since day 154, 
but the overwhelming ejecta emission in Ha kept it hid- 
den until day 509. From the day 154 spectra and on- 
ward in [O I] there also seems to be an attenuation of 
the red-wing of the central peak, especially in 6300 A 
which becomes even more apparent after day 509 when 
the asymmetric blob emission has faded. There are two 
possibilities for these asymmetries, attenuation from pre- 
existing dust or Bochum events like that seen in Ha of 
SNe 1987 A and 1999em. For a full discussion on these 
events seelElmham di et"al1 ()2003[ ). The shape of the [O I] 
central peak s arc similar to modeled profiles presented in 
lElmhamdi et al.l (j2003D , where the peak has been shifted 
toward the blue side due to the presence of dust in the 
ejecta. As we will show below, IR data from day 351 sug- 
gests the presence of an IR echo from flash-heated pre- 
existing dust. This pre-existing dust is likely the cause 
of the attenuation seen in the [O I] lines. We do not 
see signatures of new dust forming from asymmetries in 
the spectral lines, although we must point out that it is 
possible that if the new dust is concentrated in a ring or 
torus around the SN, newly formed dust could be hid- 
den by the viewing angle. If the newly formed dust has 
formed in the cool dense shell between the forward and 
reverse shocks formed in the CSM interaction, the ejecta 
emission would be located interior to the newly formed 
dust, which would allow equal attenuation of the blue 
and red emission. 

4.1. Mass estimates 

We estimate a ^^Ni mass for SN 200 7 it of Mat,: = 
0.09;;^2 M© from the methods of lHamuvl ([200l . The 
bolometric luminosity of the radioactive tail (in erg s~^) 
is calculated as 



logwLt 



-[Vt ~ A{V) + BC] + UogioD ~ 8.14 
2:5 ' 



(1) 



with Ay = 0.39 mag, and a bolometric correction of BC 
= 0.26. The nickel mass is then calculated at various 
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times during this phase, as 



MN^ = (J .mQxlQ-'^^)Ltexp[ 



-61 



111.26 



(2) 



Here 6.1 and 111.26 days are the half-hves of ^^Ni and 
^^Co, respectively, and tj-io is the age of the SN. This cal- 
culated Ni mass is similar, if slightly higher, than other 
Type IIP S Ne. SN 2004et has a n estimated Mjv^ mass 
of 0.056 M^ ()Maguire et aLllMoll . SNe 1 999em, 2003gd 
and 2004d.i each have ^0.02 Mf;, (Elmh amdi et al.ll2Q03l: 
iHendrv et all 120051: iVinko et al.l 12006)), and the low- 
luminosity SN 2005cs contains 3 x 10 "^M© of ^^^Ni 
(jPastorelio et al.|[2009l ). 

We have estimated the mass of oxygen two separate 
ways using the strength of the [O I] doublet in the neb- 
ular phase before the onset of dust formation. Using a 
temperature range of 3500-4000 K, and a flux (Fjo/j) of 

9.7 x 10~^^ erg s~^ cm~^ for the day 286 spectrum (ob- 
tained from the Carnegie Supernova Project) we estimate 
Mo= 0.2-0.9 M0 using 



Mi 



[OI] 



lO^Fr 



[oi]D\''-^^'^^ (3) 

which is Equation 1 in lUomotol (jl986[) . As a sec- 
ond meth od we implemented the relationship given in 
lElmhamdiltaLl ([2003), 



L 



[oi\ = V 



Mq 



Lco 



(4) 



under the assumption that SN 2007it had the same 77 
(the efficiency of energy transfer from O mass to [O I] 
doublet luminosity) and excited mass as SN 1987A, and 
that the Lco, the luminosity of the Co emission, was di- 
rectly related to the mass of ^^Ni. Once again we used 



an oxygen flux of 9.7 x 10 erg s 



This calcu- 



lation gives us an oxygen mass of 0.96 that of SN 1987A, 
or between 1.15-1.44 M©. These values, although not 
consistent with each other, are very similar to the values 
calculated for SN 2004et in lMaguire et al.l (|2010( ). 

Comparing the relationship between ^^Ni and pro- 
genitor mas s in o ther SNe (for example. Table 5 in 
iMisra et al.l (|2007f )). it is likely that SN 2007it had a 
main sequence mass > 20 M© . Recently, iDessart et al.l 
(|2010D have suggested that using the velocity of the Ha 
line at ^ day 15 and the velocity of the [O I] AA 6300,6363 
A lines at ~ 300 days could be an indicator of progenitor 
ZAMS mass. Using the values of 10960 km s'^ and 2000 
km s~^, respectively, and the estimated mass of oxygen 
from above suggests a pro g enitor mass between 16-20 
Mq. iFransson fc Chevalieii ()1987l . |1989^ have also sug- 
gested that the ratio between [Ca II]/[0 I] lines in the 
nebular phase can be an indicator of progenitor mass, 
with smaller ratios belonging to higher mass progenitors. 
This ratio is 0.7 for SN 2007it betwe en days 209-351 
which is quite small for a Type IIP SN. lElmhamdi et al.l 
(|2004) showed that SN with ratios similar to SN 2007it 
are normally of Type Ib/c. SN 1987A had a ratio of ^ 
3 from day 250-450 and SN 2005cs meanwhile showe d 
a ratio of 4.2 ±0.6 on day 334 (P astorello et al.ll2009f ). 
which is 40% larger than SN 1987A, and over 6 times 
greater than SN 2007it. This may indicate that the pro- 
genitor of SN 2007it may have been more massive than 
either SN 2005cs (7-13 Mq) and SN 1987A (14-20 M©), 



with roughly a mass of 20-27 Mq. Even though each 
method yields different dust masses, and uncertainties in 
distance and reddening may add more ambiguity to these 
estimates, they all suggest that SN 2007it had a progen- 
itor mass of ~ 2Q^^Q . Unfortunately, no images of the 
progenitor star exist, although as was shown in the case 
for SN 2004et, masses from progenitor images do not 
necessarily always agr ee with other estimates from ex- 
plosio n parameters (C rockett et al.|[20Tot IMaguire et al.l 
120101 and references therin). 

5. MID-IR EVOLUTION 

SN 2007it was monitored in the mid-IR for four epochs 
spanning days 351- 944 (see Table 5). As can be seen in 
Figure 7, the first epoch on day 351 shows an indication 
of an increased flux in the 4.5 /um band with respect to 
the other channels. This elevated emission in this band 
photometry wa s also seen ar ound the same time period 
in SN e 2005af (IKotak et al.1 ^006). 2004dj (|Kotak et al.l 
I2005f) and 2004et (|Kotak et al. 20093 , and has been at- 
tributed to CO fundamental band emission. Less promi- 
nent is the possible extra emission at 8.0 /im which 
may be due to SiO emission. SiO emission was discov- 
ered in 198 7 A (Roc he et an il9911 an d also in SN 2004et 
(IKotak et al . 2009), and 2005af (Ko tak et al. |[2006'). CO 
and SiO are thought to be precursors to dust forma- 
tion ((Nozawa et al.l [20031 ) since they likely provide the 
molecular foundation from which the dust grains form. 
Therefore the presence of these molecules is important in 
understanding the whole story of dust formation in SNe. 

Day 351 shows the presence of an IR excess, well before 
the estimated time of new dust formation as indicated by 
visible photometry. A likely cause for this elevated flux 
is an IR echo from flash- heated pre-existing CSM dust. 
Comparison with the models of SN 1980K presented in 
IDweU (|1983), which also had a peak luminosity of ^ 10® 
Lq, indicates a dust free cavity extending to 3 x 10^^ cm 
with a shell of material extending up to or past 6.3 x 10^^ 
cm. This corresponds to a plateau of luminosity lasting 
from day ~ 200 up to day 643, depending on the model. 
We do not have any IR observations prior to day 351, so 
we cannot definitively suggest the early behavior, but it 
is likely that an IR excess was present early on and we 
are seeing the continued plateau of this heated dust on 
day 351, similar to that seen in SN 1980K. If, though, 
we use the optical spectra on day 339 before the CSM 
interaction is apparent in Ha and day 540 when the in- 
termediate peak is visible alo ng with the e.iecta vel ocity 
on day 10 of 10 960 km s'^ (|Contreras et al.ll2007D . we 
estimate that the initial SN flash has cleared a dust-free 
cavity between 3.2 and 5.3 x 10^^ cm from the center. 
This agrees with estimates for SN 2005ip, which has the 
sam e Lpeafc ~ 10^ L© , and a vaporization radius of ^ 10^^ 
cm (|Fox et al.ll201Cll ). Assuming a cavity was cleared out 
to 4 X 10"^^ cm, the optical and UV light would reach 
this boundary at around 15 days and the time, t for the 
IR plateau to last would only be 2i?/c, or ~ 31 days. 
Although we cannot definitively explain the discrepancy 
between spectral constraints and S N 1980K model com- 
parisons, it is possible that where iDwekl (|1983L 11985( 1 
considers a single, very thin shell of CSM material, SN 
2007it may have a much more extended shell or multiple 
shells, creating a much later and/or longer plateau. 

The IR fluxes on day 561 are very different from day 
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351, most importantly the fluxes in the 3.6, 5.8 and 
8.0 /Ltm channels have doubled in intensity. This may 
indicate that new dust grains have formed. This is 
likely since this is the same time period in which we 
see a dimming in the visible lightcurve (between days 
339 and 540). The combination of the elevated mid-IR 
flux at the same time as the corresponding dimming in 
the visible can be explained if dust grains are absorb- 
ing the high energy photons and re-emitting them in the 
IR. This has been seen in other dust producing CCSNe 
such as SN 1987A (Suntzoff ct al. 1991) and SN 2003gd 
(fSugerman et al.l 120061) . Modified blackbody fits to this 
epoch indicate a blackbody luminosity of 4.5 x 10^* erg 
s^^, twice the blackbody luminosity at day 351. This 
is consistent with the optical drop of 0.5 mag between 
the two epochs which causes the early time luminosity 
to be 1.58 times brighter, or almost twice the brightness 
of the luminosity on day 540. Within the uncertainties, 
the drop in optical luminosity is equal to the increase in 
IR luminosity. 

Days 718 and 922 were both observed by Spitzer in 
warm mode, so only the 3.6 and 4.5 /im bands were avail- 
able. Both epochs show significant IR luminosity, likely 
due to the newly formed ejecta dust. In the day 922 
data, the 4.5 fim flux appears to be stronger than ex- 
pected, and in fact the ratio between 3.6 and 4.5 is much 
smaller than other epochs, only 0.27 as opposed to 0.6 
on day 718. If we assume the ratio to be constant in the 
day 922 epoch, we would expect a flux of 66 /iJy, but 
instead see a flux of 143 /xJy, indicating that there is pos- 
sibly an excess in the 4.5 /im channel. This is also seen 
by Sugerman et al. (2010, In preparation) for SN 2004et. 
It is likely we are still seeing CO emission that was visible 
on day 351, which was hidden by the increased emission 
from the new dust on day 561, and became visible again 
in the later epochs as the grains cooled. 

6. RADIATIVE TRANSFER MODELING 

In order to quantify the amount and composition of 
the dust in SN 2007it we used our 3D Monte Carlo ra- 
diative transfer code MOCASSIN ()Ercolano et al.l 120051 
and references therein). We have chosen to model three 
different geometries in which the dust is distributed ei- 
ther uniformly within a spherical shell surrounding the 
SN, with the addition of clumps scattered throughout 
the shell, or in a torus at some inclination around the 
SN. These will be known as "smooth", "clumpy", and 
"torus" mo dels, respectively. Relyi n g on previous model- 
ing done_bxlSugCTma^raU ([lOM^ 
and iKotak et al.l ()2009l ) we have used a standard MRN 
grain size distribution of a~^-^ between 0.005 and 0.05 
fim (Mathis ct al. 1977) for all three scenarios. Tables 6 
and 7, and Figure 7 show the mo del results. 

As we assumed for SN 2007od ([Andrews et al.l[2010l ). 
in these models the dust and luminosity for the source 
was located between inner radius Km and outer radius 
Rout of a spherically expanding shell, with the luminosity 
being proportional to the density at each location. For 
day 351 we have chosen to concentrate the luminosity in 
a point source, rather than spread throughout the shell, 
as it is likely this emission is the result of flash-heated 
pre-existing CSM. This does create a better fit to the IR 
data points. The smooth model assumes the density of 
dust in the shell was inversely proportional to the square 



of the radius. For the clumpy model the photons orig- 
inate in the inhomogeneous interclump medium, where 
the clumps are considered to be optically thick and spher- 
ical. For the torus models, densities are specified for the 
inner and outer walls, with the d ust distribution falling 
off linearly between the two radii (jErcolano et al.|[2b07.1 . 

For each model we used a combination of amorphous 
carbon ( AC) and silicate grai ns, using the optical con- 
stants of iHanneH (|1988D and iDraine fc Led (|1984D . re- 
spectively. For all epochs the best fit occurred with a 
carbon rich combination of 75% AC and 25% silicates , 
as was also the case in SN 2007od (lAndrews et al.llMol) . 
For day 351 no attempt was made to fit the 4.5 /Ltm point, 
since it was likely due mainly to CO emission, the same 
is true for day 922 when CO may also be responsible for 
the elevated 4.5 /tm flux. 

Luminosity, ejecta temperature, inner and outer radii, 
and dust masses were all inputs for each model. Initial 
estimates for each parameter were accomplished using 
black body fits to the optical and IR data. This yielded 
dust temperatures (T^) of roughly 500 K for the first 
epoch, and 700K for day 561, 590 K for day 718 and 480 
K for day 944. These temperatures are consistent with 
typical warm dust temperatures. For our first epoch, we 
used an Ri„ of 3.2 x 10^® cm, which roughly corresponds 
to the evaporation radius of the initial flash of the SN. All 
other epochs used an Ri„ of 7 x 10^^ cm which created 
the best flts. We also kept the temperature of the ejecta 
(Tej) at 5700K for all epochs, since this is a reasonable 
ejecta temperature and does an adequate job fitting the 
first epoch of optical points. The combination of high 
Ha flux and [O I] emission lines in the R band relative 
to the continuum, and at later times additional flux due 
to the light echo has made it unlikely that the visible 
photometry is consistent with any reasonable blackbody 
temperature. Keeping those two values constant, we then 
varied the luminosity, outer radii, and dust masses to get 
the most accurate fits. For all epochs we found that the 
clumpy distribution predicted on average slightly higher 
dust masses than the smooth and torus models. 

We estimate a dust mass for our first epoch of 5 x 
1O~^M0 for the smooth model, 7.3 x IO^'^Mq for clumpy, 
and 1.6 X 10"'' M0 for the torus. The remaining epochs 
yielded smooth dust masses of 7.0 x 1O~^M0 for day 561, 
8.0 X IO-^Mq for day 718, and 4.6 x IO'^Mq for day 
922. The larger dust mass from the first epoch might be 
explained by the flash heating of pre-exisiting CSM dust 
in an area much further away and roughly 200K cooler 
than following epochs. At this first epoch R^ = 3.2 x 
10^^ cm, which is larger than the Rout of the remaining 
epochs. This pre-existing dust will cool, as described in 
Section 5 above, and fade after its initial heating by the 
SN fiash so that by day 561 the IR SED is dominated by 
newly formed ejecta dust. After day 561, Ri„ = 7 x 10^^ 
and Rout = 2 x lO"'^, which likely places the dust at this 
time in the CDS interior to the point of CSM interaction. 
These results also indicate that the amount of new dust 
created is smaller than the amount in the CSM. 

On day 351, the MOCASSIN models estimate that r„ 
= 0.08. In order to independe ntly estima t e the optical 
depth, we used the methods of iFox et al.l (|2009[ ) which 
uses total peak energy and IR energy (t ~ ^f^!^^ )- The 
peak luminosity of SN 2007it was ~ 10^ Lq, which would 
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indicate E ~ 10^ erg using the estimates of SN 2005ip 
contained in lFox et alj ()2009D . The IR energy for the first 
351 days is then 1 x 10^^ erg, using an Lbb of 8.8 x 10^ Lq. 
This yields a r = 0.09, consistent with our MOCASSIN 
fits. Between day 351 and 561 we also find a significant 
increase in r^,, which jumps from 0.08 to 1.27 as the new 
dust forms. This is largely due to the order of magnitude 
decrease in Rout between the two epochs, requiring simi- 
lar amounts of dust in a much smaller volume. Although 
the optical light curve suggests only an Ay =0.5, con- 
siderations of geometry, such as the newly formed dust 
existing in a torus around the SN for which we are seeing 
inclined at an angle away from edge-on, could explain the 
higher amount estimated from MOCCASIN which would 
provide the total optical depth summed over the whole 
system, not just along our line of sight. This scenario 
could also explain the lack of increased attenuation in 
the [O I] and Ha spectral lines between days 339 and 540 
when we see the other dust formation signatures, mainly 
the simultaneous increase in optical extinction and IR 
luminosity. Therefore the total mass of new dust formed 
in SN 2007it appears to be ~ 1.0 x lO^^Mg, which al- 
though consistent with dust masses of other CCSNe, is 
still considerably smaller than the amount needed to ac- 
count for the dust seen at high-z ([Morgan fc Edmundsl 
I2OOI . 



7. SUMMARY 

This paper presents the results of a comprehensive 
study of SN 2007it for almost three years post-explosion. 
SN 2007it is a Type IIP supernova, most similar to SN 
2004et, that shows some interesting characteristics and 
has produced ~ 1.0 x 1O~^M0 of dust in its ejecta, likely 
in the cool dense shell created from CSM interaction. 
High late-time luminosities indicate that Mjvi= 0.09 Mq 
was synthesized in the explosion, greater than seen in 
other SNe such as 1987A and 2004et. The [Ca II] /[O I] 
ratios post plateau are also much smaller than normally 
seen in a Type IIP, 0.70 prior to dust formation and 0.50 
after. These two factors, a higher than normal Ni mass 
and a small [Ca II]/[0 I], along with the expansion veloc- 
ity of Ha at early times and of [O I] at later times suggest 
that SN 2007it may have had a progenitor mass > 2OM0, 
which is quite large for a Type IIP SN. The late-time 
lightcurve and color evolution also suggests that a light 
echo exists around SN 2007it which will be discussed in 
detail in an upcoming paper. Estimates of oxygen mass 
suggest that 1.1-1.4 Mq may be present, which is con- 
sistent with the Type II SNe 2004et and 1987A. The 
oxygen lines also show strange behavior not previously 
seen in a Type II SNe. The post-plateau spectra show a 
blueshifted component at -1300 km s~^ to both the 6300 



and 6364 A lines, with no corresponding peak at -1-1300 
km s~^. This is likely due to emission from a torus of 
oxygen rich material surrounding the SN or an asymmet- 
ric blob of O material ejected on the forward side of the 
SN during the explosion. 

Modehng done on SN 2007it using our MOCCASIN 
radiative transfer code indicates that there was pre- 
existing dust surrounding the SN prior to explosion, 
and that up to ~ 1.0 x 10"'' formed in the ejecta 
after day 351. Up to 1 Mq of dust would need to be 
produced per SN to account for the d ust amounts seen 
at hig h-z a ccording to th e work of iTodini fc Ferraral 
(120011) and iNozawa et al.l (|2003D . Recently, however, 
iCherchneff fc Dwekl ()2oTol ) have suggested that these 
models may overestimate these masses, which would be 
consistent with the values seen in nearby SNe. Even 
if the amount of dust produced in SN 2007it may not 
be large enough to account for the dust budget of ea rly 
galaxies (jKozasa et allll989l: l^dini fc Ferraral I2001D. it 
is on par with o ther SNe suchas 200 7od ([Andrews et al.l 
20M. 2004et IKotak et al.l (l2009l) . and SN 2006jc 
Mattila et"all ([20081). Although the sample is still small, 
this ever-growing body of evidence seems to indicate 
that low-mass CCSNe such as the ones seen today 
are likely not m ajor contributors t o du st in the early 
univer se. In fact. iSloan et al.l ([20091 ) and iValiante et ah! 
([20091) have both suggested that AGE stars can be 
more significant contributors to d ust formation i n early 
galaxies than once thought and iWesson et al.l ([2010f ) 
found that SN 2008S was likely a massive AGB star, not 
a supernova at all, which produced a significant amount 
of dust. SNe may then only play a small part in the 
dust formation in early galaxies, but more long-term 
and comprehensive observations of SNe are needed to 
definitely answer the role of SNe as dust produces in 
high-z galaxies. 
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TABLE 1 
Photometry Summary 



Dav 


JD 


Telescope 


Instrument 


Exposures 


Exposure Time (^s^ 


107 


2454455 


SMARTS 1.3m 


ANDICAM 


5 


20 


113 


2454461 


SMARTS 1 3rn 


ANDTCAM 


5 


20 


139 


2454487 


SMARTS 1 3m 


ANDICAM 


5 


20 


157 


2454505 


SMARTS 1 3m 


ANDIGAM 


5 


20 


188 


2454536 


SMARTS 1.3m 


ANDICAM 


5 


20 


209 


2454557 


Gcinini Soutli 


GMOS Imaging 


3 


20 


223 


2454571 


SMARTS 1 Sm 


ANDICAM 


5 


20 


242 


245450(1 




GMOS Tmaffinff 


3 


20 


252 


2454600 


SMARTS 1.3m 


ANDICAM 


3 


100 


276 


2454624 


SMARTS 1 3Tn 


ANDICAM 


3 


100 


279 


2454627 




GMOS Tmaffinff 


3 


20 


300 


2454648 


SMARTS 1 3m 


ANDICAM 


3 


100 


302 


2454650 


V_Jdiilill kJ*-' U. Lll 




3 


20 


314 


2454662 


SMARTS 1.3m 


ANDICAM 


3 


100 


339 


2454687 






3 


20 


351 


2454699 

rt (J rt V/ ^ C7 




IRAC 


12 


100 


540 


2454888 


Gemini South 


GMOS Imaging 


1 


60 


561 


2454909 


Spitzcr 


IRAC 


12 


100 


566 


2454914 


Gemini South 


GMOS Imaging 


2 


60 


589 


2454937 


Gemini South 


GMOS Imaging 


2 


60 


613 


2454961 


HST 


WFPC2 


4 


412 


622 


2454970 


Gemini South 


GMOS Imaging 


2 


60 


696 


2455044 


HST 


ACS/WFC 


4 


412 


718 


2455066 


Spitzer 


IRAC 


12 


100 


916 


2455264 


Gemini South 


GMOS Imaging 


2 


60 


922 


2455270 


HST 


ACS/WFC 


4 


424 



TABLE 2 
Spectroscopy Summary 



Day 


JD 


Telescope 


Instrument 


Exposures 


Exposure Ti 


154 


2454502 


Gemini 


South 


GMOS 


Spectra 


3 


900 


178 


2454526 


Gemini 


South 


GMOS 


Spectra 


3 


900 


209 


2454557 


Gemini 


South 


GMOS 


Spectra 


3 


900 


242 


2454590 


Gemini 


South 


GMOS 


Spectra 


3 


900 


279 


2454627 


Gemini 


South 


GMOS 


Spectra 


3 


900 


302 


2454650 


Gemini 


South 


GMOS 


Spectra 


3 


900 


339 


2454687 


Gemini 


South 


GMOS 


Spectra 


3 


900 


540 


2454888 


Gemini 


South 


GMOS 


Spectra 


3 


1800 


566 


2454914 


Gemini 


South 


GMOS 


Spectra 


3 


1800 


589 


2454937 


Gemini 


South 


GMOS 


Spectra 


3 


1800 


622 


2.1.11970 


Gemini 


South 


CMOS 


Spectra 


3 


1800 


91(i 


2i."')r)2()l 


(TClIlilli 


Soulli 


GMOS 


SpecLia 


.3 


liSOO 



TABLE 3 

Tertiary BVRI Standards for NGC 5530 



Star 


13 


\" 


1-! 


1 


A 


17.743 ± 0.012 


17.060 ± 0.001 


16.655 ± 0.012 


16.272 ± 0.017 


B 


19.115 ± 0.039 


17.667 ± 0.011 


16.696 ± 0.015 


15.648 ± 0.013 


C 


19.235 ± 0.040 


18.099 ± 0.015 


17.485 ± 0.014 


16.945 ± 0.025 


D 


18.057 ± 0.014 


17.254 ± 0.021 


16.772 ± 0.033 


16.209 ± 0.088 


E 


18.652 ± 0.029 


17.219 ± 0.016 


16.240 ± 0.007 


15.154 ± 0.011 


F 


17.672 ± 0.012 


16.818 ± 0.009 


16.318 ± 0.008 


15.812 ± 0.014 


G 


18.281 ± 0.017 


17.587 ± 0.033 


17.205 ± 0.020 


16.778 ± 0.028 
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TABLE 4 
Optical Photometry of SN 2007it 



Day B V R I 

107 16.16 ± 0.10 14.70 ± 0.04 - 13.55 ± 0.04 

113 16.83 ± 0.11 15.16 ± 0.08 - 13.90 ± 0.06 

139 17.43 ± 0.04 15.88 ± 0.03 - 14.60 ± 0.03 

157 17.59 ± 0.04 16.1 ± 0.03 - 14.77 ± 0.03 

188 17.77 ± 0.05 16.37± 0.02 - 15.04 it 0.03 

209 - 16.73 ± 0.04 15.71 ± 0.03 15.67 ± 0.03 

223 17.97 ± 0.03 16.73 ± 0.03 - 15.37 ± 0.03 

242 - 17.01 ± 0.04 16.02 ± 0.02 15.99 ± 0.03 

252 18.52 ± 0.05 17.00 ± 0.03 - 15.75± 0.09 

276 18.35 ± 0.04 17.23 ± 0.03 - 15.90 ± 0.03 

279 - 17.34 ± 0.04 16.42 ± 0.02 16.33 ± 0.03 

300 18.52 ± 0.05 17.44 ± 0.03 - 16.15 ± 0.03 

302 - 17.54 ± 0.04 16.66 ± 0.03 16.54 ± 0.02 

314 18.64 ± 0.05 17.62 ± 0.05 - 16.36 ± 0.04 

339 - 17.88 ± 0.04 17.09 ± 0.04 16.89 ± 0.05 

540 - 20.11 ± 0.04 19.60 ± 0.03 19.43± 0.03 

566 - 20.27 ± 0.04 19.78 ± 0.04 19.62 ± 0.05 

589 - 20.55 ± 0.04 20.05 ± 0.02 19.94± 0.03 

613 21.41 ± 0.16 20.59 ± 0.11 - 19.93 ± 0.09 

622 - 20.7 ± 0.04 20.32 ± 0.03 20.10 ± 0.03 

696 21.81 ± 0.12 21.38 ± 0.05 - 20.95 ± 0.05 

916 - 22.02 ± 0.03 21.73 ± 0.03 21.81 ± 0.04 

922 22.16 ± 0.18 21.82 ± 0.10 - 20.95 ± 0.14 



TABLE 5 
Spitzer Photometry op SN 2007it 



Day 3.6//m (//Jy) 4.5/im (/iJy) 5.8/fm (/iJy) 8.0/im (juJy) 

351 257.28 ± 6.64 625.75 ± 12.10 317.40 ± 13.16 363.41 ± 23.28 

561 528.69 ± 11.69 600.90 ± 11.07 660.69 ± 17.65 628.06 ± 23.14 

718 213.21 ± 6.11 354.16 ± 7.15 

944 39.12 ± 2.30 142.96 ± 3.28 



TABLE 6 

Monte Carlo Radiative Transfer Models 

















Smooth 


Clumpy 


Epoch 


AC/Si 


Te,- (K) 


Kin (cm) 


Rout (cm) 


Ltot. (L©) 


Tv 


Md (Mo) 


Md (Mo) 


351 d 


0.75/0.25 


5700 


3.2el6 


9.0el7 


1.9e7 


0.08 


5.0e-4 


7.3e-4 


561 d 


0.75/0.25 


5700 


7.0el5 


2.0el6 


4.6e6 


1.29 


7.0e-5 


l.Oe-4 


718 d 


0.75/0.25 


5700 


7.0el5 


2.0el6 


2.4e6 


1.4 


8.0e-5 


1.3e-4 


944 d 


0.75/0.25 


5700 


7.0el5 


2.0el6 


6.9e5 


0.98 


4.6e-5 


1.3e-4 



TABLE 7 





AloN 


ri: C'ahi 


.() K.\i)iAi 


Thax^fich 


Tour^ Modi: 


l.s 




Epoch 


AC/Si 


Te,- (K) 


Rin (cm) 


Rout (cm) 


Ltot. (L©) 


Tv 


Md (Mq) 


351 d 


0.75/0.25 


5700 


3.2el6 


2.5el7 


1.9e7 


0.08 


1.6e-4 


561 d 


0.75/0.25 


5700 


7.0cl5 


2.4cl6 


4.6e6 


1.27 


7.9e-5 


718 d 


0.75/0.25 


5700 


7.0el5 


2.4el6 


2.4e6 


1.27 


7.9e-5 


944 d 


0.75/0.25 


5700 


7.0el5 


2.4el6 


6.9e5 


1.27 


7.9e-5 



Photometric and Spectroscopic Evolution of the IIP SN 2007it 



11 




Fig. 2. — Optical BVRI lightcurves of SN 2007it. Photometry before day 100 was obtained from Carnegie Supernova Project. The 
disagreement in values in / between days 200 and 400 is likely due to bandpass differences between SMARTS and Gemini filters. 
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200 300 400 

Days Since Explosion 



600 



Fig. 3. — Absolute V light curves of a sample of Type IIP SNe. All SNe have been corrected for reddening and t he data are fro m: SN 2007od 
Endrcws ct al. 2010), SN 2004et (Kotak ct al. 2009; Misra et al. 2007), SN 1999cm (Elmha rndl et al.|[200a) . SN 2003gd IIHendrv et al.l 
[2005. ). SN 2004dj (|Vink6 et al.,.200& .Zhang et al.,,2006 '). and SN 2005cs (,Pastorello et al...2009ll . 




4500 5000 5500 6000 6500 7000 

Wavelength (A) 



Fig. 4. — Spectral evolution of SN 2007it from day 10 to day 916. All spectra other than day 10 are from Gemini/GMOS. Of interest is 
the brightness of the [O I] AA 6300,6363 lines in relation to Ha and [Ca II] lines. 
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-4000 -2000 2000 4000 

Velocity (km/s) 



Fig. 5. — H« evolution from day 154 (top) to day 916 (bottom). Notice the emergence of an intermediate width component starting on 
day 540 which may indicate CSM interaction. 
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Fig. 6. — Evolution of [O I] 6300 A (top) and 6364 A (bottom) lines from day 154 to day 916. There is a separate blue-shifted component 
at -1300 km s^^ from each [O I] line, which we believe is created by a torus of oxygen material surrounding the SN or a blob of O-rich 
ejecta on the forward side of the SN. 
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Fig. 7. — MOCASSIN fits from our smooth shell modeling scenario (Table 6) for days 351 (circles), 561 (squares), 718 (triangles), and 
944 (diamonds). The optical points are from day 339, 566, 696, and 916/922 (Table 4), and have been corrected for foreground extinction. 
Error bars are equal to or smaller than symbol size. On days 718 and 944 a large portio n of the opti cal luminosity is likely derived from the 
light echo, which due to its scattering nature will make the SN appear to be more blue IIPatatll2005l ). The clumpy shell and torus modeling 
is consistent with the smooth shell fits, and are not shown. 



